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Abstract	  Veins	  and	  pods	  of	  rare	  earth	  element	  (REE)-­‐rich	  minerals	  occur	  northeast	  of	  Jamestown,	  CO,	  in	  the	  Silver	  Plume-­‐type	  granites	  and	  pegmatites	  of	  the	  Long’s	  Peak-­‐St.	  Vrain	  batholith	  as	  described	  by	  Goddard	  and	  Glass	  (1940)	  and	  Allaz	  et	  al.	  (in	  press).	  The	  REE-­‐rich	  veins	  and	  pods	  consist	  of	  the	  epidote-­‐member	  allanite,	  monazite,	  fluorite,	  and	  fluorbritholite.	  These	  veins	  and	  pods	  occur	  in	  association	  with	  texturally	  distinctive	  fine-­‐grained	  aplites	  composed	  of	  oligoclase,	  alkali	  feldspars,	  quartz,	  and	  biotite.	  In	  this	  study	  I	  collected	  samples	  of	  the	  Idaho	  Springs	  formation	  metamorphic	  country	  rocks,	  Silver	  Plume-­‐type	  granites	  and	  pegmatites	  from	  the	  Long’s	  Peak-­‐St.	  Vrain	  batholith,	  and	  the	  aplites	  associated	  with	  and	  containing	  examples	  of	  the	  REE-­‐rich	  mineralization.	  I	  prepared	  more	  than	  30	  thin	  sections	  of	  these	  samples,	  described	  them	  petrologically,	  determined	  their	  mineral	  chemistry	  using	  an	  electron	  microprobe,	  and	  obtained	  their	  Nd	  isotopic	  compositions	  and	  whole-­‐rock	  chemistry.	  I	  conclude	  that	  the	  REE-­‐rich	  veins,	  pods	  and	  associated	  aplites	  formed	  around	  the	  same	  Proterozoic	  time	  as	  their	  Silver	  Plume-­‐type	  host	  rocks	  and	  are	  likely	  co-­‐genetic	  as	  products	  of	  a	  F	  and	  REE-­‐rich	  late-­‐stage	  magmatic	  fluid	  intruding	  into	  the	  granite.	  However,	  I	  also	  determine	  that	  the	  felsic	  aplitic	  matrix	  found	  in	  association	  with	  the	  REE-­‐rich	  veins	  and	  pods	  is	  petrochemically	  different	  from	  the	  granites	  and	  pegmatites	  of	  the	  Long’s	  Peak-­‐St.	  Vrain	  pluton.	  I	  propose	  a	  model	  for	  separation	  of	  the	  F	  and	  REE-­‐rich	  late-­‐stage	  magmatic	  fluid	  into	  the	  felsic	  aplitic	  matrix	  and	  the	  REE-­‐rich	  veins	  and	  pods	  by	  either	  sequential	  crystallization	  (aplite	  crystallizing	  first	  further	  concentrating	  the	  REE’s	  in	  the	  residual	  fluid)	  or	  by	  liquid	  immiscibility.	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Chapter	  1:	  Introduction	  and	  Geologic	  Setting	  In	  this	  thesis	  I	  present	  petrographic	  descriptions	  of	  the	  suite	  of	  felsic	  Proterozoic	  rocks	  composing	  the	  Jamestown	  REE	  enrichment	  locality	  (JREL)	  Goddard	  and	  Glass,	  1940,	  Allaz	  et	  al.,	  in	  press);	  mineral	  chemical	  data	  from	  electron	  microprobe	  analysis	  and	  whole	  rock	  major	  and	  trace	  element	  analysis	  of	  these	  rocks;	  and	  new	  Nd/Sm	  isotopic	  data.	  The	  rocks	  examined	  in	  this	  study	  were	  collected	  approximately	  5km	  northeast	  of	  Jamestown,	  CO,	  in	  the	  southeast	  corner	  of	  the	  St.	  Vrain-­‐Long’s	  Peak	  batholith	  (Fig.	  1).	  The	  REE-­‐enrichments	  at	  the	  JREL	  occur	  in	  veins	  and	  pods,	  measuring	  between	  a	  decimeter	  to	  10cm	  in	  thickness	  (Allaz	  et	  al.,	  in	  press).	  The	  REE-­‐rich	  veins	  and	  pods	  occur	  in	  zones,	  with	  the	  core	  being	  the	  dominant	  (thickest)	  feature	  and	  consisting	  principally	  of	  fluorbritholite,	  monazite,	  and	  fluorite.	  The	  core	  section	  is	  surrounded	  by	  a	  millimeter-­‐thick	  rim	  of	  allanite,	  with	  monazite	  appearing	  occasionally	  on	  the	  inner	  part	  of	  the	  rim	  structure.	  Bastnasite,	  tornebohmite,	  and	  cerite	  form	  a	  thin	  (micron-­‐scale)	  zone	  between	  the	  allanite	  rim	  and	  the	  core	  (Allaz	  et	  al.,	  in	  press).	  Two	  localities	  of	  the	  REE-­‐enrichment	  actually	  occur,	  although	  the	  samples	  I	  collected	  come	  from	  the	  northern	  site	  (1)	  in	  Figure	  1	  (c).	  The	  southern	  site	  (2)	  was	  not	  used	  for	  sample	  collection	  because	  no	  outcrop	  containing	  REE-­‐mineralization	  is	  apparent	  there	  (Allaz	  et	  al.,	  in	  press).	  The	  REE	  mineralization	  structures	  occur	  in	  a	  fine-­‐grained	  matrix	  that	  is	  apparently	  aplitic	  in	  mineralogy	  and	  texture	  but	  that	  exhibits	  important	  differences	  from	  other	  granites	  and	  pegmatites	  in	  the	  area.	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  Figure	  1-­‐1:	  Maps	  of	  US	  (a),	  Colorado	  Front	  Range	  geology	  (b),	  and	  REE	  localities	  (c)	  (From	  Allaz	  et	  al.,	  in	  press).	  	  The	  JREL	  occurs	  in	  syeno-­‐	  and	  monzogranites	  of	  the	  Long’s	  Peak-­‐St.	  Vrain	  batholith,	  a	  1422	  Ma	  (+/-­‐	  3)	  (Graubard	  and	  Mattinson,	  1990,	  from	  U-­‐Pb	  dating	  in	  zircons)	  intrusion	  composed	  of	  the	  two-­‐mica	  Silver	  Plume-­‐type	  granite.	  Anderson	  and	  Thomas	  (1985)	  suggest	  that	  the	  Silver	  Plume-­‐type	  granite	  is	  likely	  derived	  from	  a	  water-­‐enriched,	  metasedimentary,	  mid-­‐crustal	  source	  as	  evidenced	  by	  sharing	  a	  peraluminous	  character	  with	  orogenic	  intrusions.	  However,	  according	  to	  Anderson	  and	  Thomas,	  the	  Silver	  Plume	  is	  distinct	  in	  its	  relatively	  high	  enrichment	  in	  K2O	  (4.8	  to	  6.2	  wt%),	  light	  REEs,	  and	  other	  incompatible	  elements,	  suggesting	  that	  the	  Silver	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Plume	  batholiths	  are	  anorogenic	  in	  origin	  while	  sharing	  the	  source	  rock	  for	  orogenic	  batholiths.	  The	  granite	  batholith	  hosting	  the	  JREL	  in	  turn	  intrudes	  1.7	  Ga	  (from	  Rb/Sr,	  Peterman	  and	  Hedge,	  1968)	  metasedimentary	  schists	  of	  the	  Idaho	  Springs	  formation.	  Outcrops	  of	  the	  metamorphic	  country	  rock	  are	  abundant	  in	  the	  vicinity	  of	  the	  JREL.	  Veins	  of	  pegmatite	  are	  found	  near	  the	  locality	  as	  well,	  and	  are	  similar	  mineralogically	  to	  the	  Silver	  Plume	  granite	  samples	  except	  for	  a	  higher	  concentration	  of	  quartz.	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Chapter	  2:	  Optical	  Petrologic	  Analysis	  
	  
2.1	  -­	  Granite	  Descriptions	  Two	  different	  granite	  samples	  were	  collected:	  a	  coarse-­‐grained	  sample	  (JR-­‐3)	  and	  a	  finer-­‐grained	  sample	  (JR-­‐11).	  Both	  samples	  were	  collected	  from	  within	  100	  m	  of	  the	  northern	  REE-­‐enrichment	  locality	  near	  Jamestown.	  	  
JR-­3:	  Coarse-­‐grained	  granite,	  Silver	  Plume-­‐type,	  collected	  at	  Northern	  Locality	  (Figure	  1	  (c)).	  
Mineralogy:	  Quartz,	  microcline,	  orthoclase,	  muscovite,	  biotite,	  plagioclase,	  apatite,	  opaques.	  
	  Figure	  2-­‐1	  and	  2-­‐2:	  JR-­‐3,	  a	  sample	  typical	  of	  the	  two	  feldspar,	  two-­‐mica	  silver	  plume	  granite	  type,	  in	  PPL	  and	  XPL.	  
	  
JR-­11:	  Fine-­‐grained	  Silver	  Plume-­‐type	  granite	  collected	  at	  the	  Northern	  Locality	  (Figure	  1	  (c))	  
Mineralogy:	  Quartz,	  plagioclase,	  orthoclase,	  microcline,	  muscovite,	  biotite,	  opaques,	  apatite.	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  Figure	  2-­‐3	  and	  2-­‐4:	  JR-­‐11	  in	  PPL	  and	  XPL.	  A	  finer-­‐grained	  sample	  than	  JR-­‐3.	  
	  
2.2	  -­	  Pegmatite	  Descriptions	  Two	  pegmatites	  (JR-­‐8	  and	  JR-­‐17)	  were	  collected	  within	  100m	  of	  the	  REE-­‐mineralization	  northern	  locality,	  and	  one	  sample,	  JR-­‐18,	  was	  collected	  from	  the	  Long’s	  Peak	  batholith.	  	   	  
JR-­8:	  Pegmatite	  collected	  at	  Northern	  REE-­‐enrichment	  locality	  (Figure	  1(c))	  
Mineralogy:	  Microcline,	  plagioclase,	  quartz,	  biotite,	  muscovite,	  apatite.
	  Figures	  2-­‐5	  and	  2-­‐6:	  JR-­‐8	  in	  PPL	  and	  XPL	  view.	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JR-­17:	  Pegmatite	  collected	  at	  northern	  REE-­‐enrichment	  locality.	  
Mineralogy:	  Biotite,	  muscovite,	  plagioclase,	  quartz,	  microcline.	  
	  Figures	  2-­‐7	  and	  2-­‐8:	  JR-­‐17	  in	  XPL	  and	  PPL	  
	  Figure	  2-­‐9:	  JR-­‐8	  (left)	  and	  JR-­‐17	  in	  hand	  sample.	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JR-­18:	  Garnet-­‐bearing	  pegmatite	  collected	  by	  Joe	  Smyth	  from	  the	  Long’s	  Peak	  batholith,	  which	  is	  composed	  of	  Silver	  Plume-­‐type	  granite.	  Not	  gathered	  from	  REE-­‐enrichment	  locality.	  
Mineralogy:	  Quartz,	  plagioclase,	  orthoclase,	  biotite,	  garnet,	  epidote,	  zircon	  
	  Figures	  2-­‐10	  and	  2-­‐11:	  JR-­‐18A	  in	  PPL	  and	  XPL	  
	  Figures	  2-­‐12	  and	  2-­‐13:	  Zircon	  and	  epidote	  grains	  in	  JR-­‐18A.	  	  
2.3	  -­	  Country	  Rock	  Descriptions	  Three	  samples	  of	  schists	  that	  are	  interpreted	  as	  roof	  pendant	  fragments	  of	  country	  rock	  were	  collected	  close	  to	  the	  northern	  locality	  of	  the	  REE-­‐mineralized	  area.	  No	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diagnostic	  metamorphic	  minerals	  (ex:	  sillimanite)	  were	  observed.	  This	  could	  indicate	  high-­‐grade	  metamorphism	  to	  a	  degree	  that	  the	  mineralogy	  reverted	  to	  a	  granitic	  composition	  or	  that	  these	  minerals	  may	  not	  be	  present	  in	  the	  selected	  sample.	  
JR-­2:	  Metasedimentary	  Biotite/Muscovite	  Schist	  collected	  from	  Northern	  Locality.	  
Mineralogy:	  Quartz,	  Microcline,	  Plagioclase,	  Biotite,	  Muscovite,	  Zircon,	  Opaques.	  	  
	  Figures	  2-­‐14,	  2-­‐15,	  and	  2-­‐16:	  JR-­‐2	  in	  PPL,	  XPL,	  and	  hand	  sample.	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JR-­9:	  Metasedimentary	  biotite/muscovite	  schist	  collected	  from	  northern	  locality.	  
Mineralogy:	  Quartz,	  Microcline,	  Plagioclase,	  Biotite,	  Muscovite,	  Zircon,	  Opaques.	  	  
	  
	  Figures	  2-­‐17,	  2-­‐18,	  and	  2-­‐19:	  JR-­‐9	  in	  PPL,	  XPL,	  and	  hand	  sample.	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JR-­10:	  Metasedimentary	  Biotite/Muscovite	  Schist	  fro,	  Northern	  Locality.	  
Mineralogy:	  Quartz,	  Microcline,	  Plagioclase,	  Biotite,	  Muscovite,	  Zircon,	  Opaques.	  	  
	  
	  Figures	  2-­‐20,	  2-­‐21,	  and	  2-­‐22:	  JR-­‐10	  in	  PPL,	  XPL,	  and	  hand	  sample.	  	  
2.4	  Aplite	  and	  REE-­rich	  Structure-­Bearing	  Sample	  Descriptions	  Several	  samples	  of	  aplites	  were	  collected	  from	  the	  northern	  locality	  of	  REE-­‐enrichment	  near	  Jamestown.	  These	  samples	  have	  been	  termed	  aplites	  (Goddard	  and	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Glass,	  1940,	  Allaz	  et	  al.,	  in	  press)	  for	  their	  granitic	  mineralogy	  (quartz,	  oligoclase,	  microcline,	  and	  micas)	  and	  fine-­‐grained	  texture.	  Some	  of	  these	  samples	  bear	  biotite,	  and	  components	  of	  the	  REE	  mineralization	  sequence	  found	  at	  the	  JREL	  (see	  Introduction	  and	  Geologic	  Setting)	  but	  muscovite	  is	  uncommon	  and	  their	  modal	  quartz	  abundance	  is	  less	  than	  that	  observed	  in	  the	  Silver	  Plume-­‐type	  granite	  samples.	  	  
SK-­11:	  Sample	  bearing	  aplitic	  matrix	  and	  REE-­‐rich	  veins	  and	  pods.	  
Mineralogy:	  Quartz,	  oligoclase,	  microcline,	  biotite,	  allanite,	  fluorbritholite,	  fluorite,	  apatite,	  zircon.	  
	  Figures	  2-­‐23	  and	  2-­‐24:	  SK-­‐11	  in	  PPL	  and	  XPL.	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  Figures	  2-­‐25	  and	  2-­‐26:	  Feldspars	  (oligoclase	  and	  microcline)	  in	  SK-­‐11.	  Fig.	  4:	  Zircons	  and	  allanite	  in	  the	  aplitic	  (quartz,	  oligoclase,	  microcline,	  and	  biotite)	  matrix	  of	  SK-­‐11.	  
	  Figures	  2-­‐27	  and	  2-­‐28:	  REE	  mineralization	  sequence	  (fluorbritholite	  and	  fluorite	  core	  enclosed	  by	  allanite	  rim	  and	  then	  aplitic	  matrix)	  in	  SK-­‐11	  in	  XPL	  and	  PPL.	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  Figures	  2-­‐29	  and	  2-­‐30:	  REE	  mineralization	  sequence	  (fluorbritholite	  and	  fluorite	  core	  enclosed	  by	  allanite	  rim	  and	  then	  aplitic	  matrix)	  in	  SK-­‐11	  in	  XPL	  and	  PPL.	  
	  Figure	  2-­‐31:	  Aplitic	  component	  of	  SK-­‐11	  in	  hand	  sample.	  Note	  the	  homogenous,	  light-­‐colored	  appearance.	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JR-­12A:	  Displays	  a	  continuum	  of	  facies	  in	  hand	  sample,	  with	  aplitic	  matrix	  and	  REE-­‐rich	  pods	  and	  biotite	  giving	  way	  to	  a	  pegmatitic	  or	  very	  coars	  granitic	  texture	  on	  the	  margin	  of	  the	  sample.	  Thin	  section	  includes	  aplite	  and	  REE-­‐rich	  pods.	  
Mineralogy:	  Quartz,	  biotite,	  muscovite,	  allanite,	  oligoclase,	  microcline.	  
	  Figures	  2-­‐32	  and	  2-­‐33:	  JR-­‐12A	  in	  XPL	  and	  PPL.	  Note	  equigranular,	  aplitic	  texture.	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Figure	  2-­‐34:	  JR-­‐12	  in	  hand	  sample.	  Note	  the	  change	  in	  texture	  from	  left	  to	  right	  across	  the	  sample	  face,	  with	  aplite	  and	  REE-­‐rich	  structures	  on	  the	  left-­‐hand	  margin	  giving	  way	  to	  pegmatite	  or	  coarse-­‐grained	  granite	  on	  the	  right-­‐hand	  margin.	  
	  Figures	  2-­‐35	  and	  2-­‐36:	  Allanite	  and	  other	  components	  of	  mineralization	  sequence	  in	  JR-­‐12A.	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  Figures	  2-­‐37	  and	  2-­‐38:	  Muscovite	  and	  biotite	  together	  in	  the	  aplitic	  matrix	  of	  JR-­‐12A.	  	  
SK-­15:	  A	  sample	  containing	  a	  REE-­‐rich	  pod	  or	  vein	  intergrown	  with	  quartz	  and	  biotite.	  
Mineralogy:	  Quartz,	  oligoclase,	  microcline,	  biotite,	  allanite,	  fluorbritholite,	  fluorite.	  
	  Figure	  2-­‐39:	  SK-­‐15	  in	  XPL.	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  Figures	  2-­‐40	  and	  2-­‐41:	  Quartz	  and	  plagioclase	  pocket	  in	  the	  REE	  mineralization	  sequence	  in	  SK-­‐15.	  
	  Figures	  2-­‐42	  and	  2-­‐43:	  Pockets	  of	  quartz	  and	  feldspar	  matrix,	  biotites,	  and	  allanites	  between	  two	  pods	  or	  veins	  of	  REE	  mineralization	  sequence	  in	  SK-­‐15.	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  Figures	  2-­‐44	  and	  2-­‐45:	  Allanite	  and	  fluorite	  crystals	  in	  SK-­‐15	  in	  XPL	  and	  PPL.	  	  
JR-­13:Contains	  aplitic	  matrix	  and	  REE-­‐rich	  pods	  and	  veins	  with	  zones	  of	  biotite	  and	  accessory	  allanite.	  
Mineralogy:	  Oligoclase,	  quartz,	  microcline,	  zircon,	  allanite,	  biotite,	  fluorbritholite.	  
	  Figures	  2-­‐46	  and	  2-­‐47:	  JR-­‐13	  in	  PPL	  and	  XPL.	  Note	  plagioclase-­‐heavy	  matrix	  and	  biotite	  not	  abundant	  throughout	  matrix.	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  Figure	  2-­‐48:	  JR-­‐13	  in	  hand	  sample.	  Note	  REE-­‐rich	  pods	  and	  biotite	  zones.	  	  
	  Figures	  2-­‐49	  and	  2-­‐50:	  Matrix	  of	  JR-­‐13	  in	  PPL	  and	  XPL.	  Note	  abundance	  of	  feldspars	  and	  small	  size	  of	  quartz	  grains.	  REE	  mineralization	  sequence	  at	  bottom	  of	  pictures.	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  Figures	  2-­‐51	  and	  2-­‐52:	  REE	  mineralization	  in	  JR-­‐13.	  	  
JR-­15	  Contains	  aplitic	  matrix,	  REE-­‐rich	  pods	  and	  veins,	  with	  accessory	  allanite	  and	  zonal	  biotite.	  Mineralogy:	  Plagioclase,	  microcline,	  quartz,	  biotite,	  allanite,	  fluorbritholite,	  fluorite.	  
	  Figures	  2-­‐53	  and	  2-­‐54:	  JR-­‐15	  in	  PPL	  and	  XPL.	  Note	  feldspar	  abundance	  in	  matrix	  and	  low	  abundance	  of	  biotite.	  
	   22	  
	  Figure	  2-­‐55:	  JR-­‐15	  in	  hand	  sample.	  	  
	  Figure	  2-­‐56:	  Quartz	  pocket	  in	  REE-­‐mineralization	  in	  JR-­‐15.	  Figure	  2-­‐55:	  Matrix	  in	  JR-­‐15	  displaying	  higher	  abundance	  of	  feldspars	  relative	  to	  quartz,	  which	  mostly	  appears	  as	  small	  grains	  within	  feldspars.	  
	  
	  
	   23	  
2.5	  -­	  Comparitive	  Photos	  of	  Hand	  Samples	  Comparison	  photographs	  are	  provided	  for	  two	  sets	  of	  hand	  samples:	  (1)	  JR-­‐8	  (a	  pegmatite)	  and	  JR-­‐12,	  an	  aplite	  matrix	  and	  REE-­‐rich	  pod-­‐bearing	  sample	  with	  pegmatite	  texture	  on	  its	  margin;	  and	  (2)	  JR-­‐11	  (a	  fine-­‐grained	  Silver	  Plume-­‐type	  granite)	  and	  SK-­‐11,	  an	  aplite	  matrix	  and	  REE-­‐rich	  pod-­‐bearing	  sample.	  The	  comparison	  is	  offered	  between	  JR-­‐8	  and	  JR-­‐12	  due	  to	  the	  gradational	  shift	  from	  aplite	  matrix	  with	  pods	  in	  JR-­‐12	  to	  an	  apparent	  contact	  with	  pegmatite	  similar	  to	  JR-­‐8	  on	  the	  margin	  of	  the	  sample.	  The	  comparison	  between	  JR-­‐11	  and	  SK-­‐11	  is	  offered	  to	  show	  the	  obvious	  differences	  in	  character	  between	  the	  fine-­‐grained	  Silver	  Plume-­‐type	  granite	  at	  the	  locality	  and	  the	  aplitic	  matrix	  found	  in	  the	  REE-­‐rich	  samples.	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Figure	  2-­‐57:	  Sample	  JR-­‐12	  (left)	  and	  JR-­‐8.	  Note	  the	  aplitic	  matrix	  and	  REE-­‐rich	  pods	  in	  JR-­‐12	  at	  bottom	  of	  photo	  giving	  way	  to	  pegmatite	  or	  coarse	  textured	  granite	  at	  top	  that	  appears	  similar	  to	  the	  texture	  of	  JR-­‐8,	  a	  pegmatite	  from	  the	  locality.	  
	  Figure	  2-­‐58:	  JR-­‐12	  pegmatite	  margin	  in	  hand	  sample.	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  Figure	  2-­‐59:	  SK-­‐11	  (left)	  and	  JR-­‐11.	  Note	  the	  difference	  in	  texture	  between	  the	  aplite	  matrix	  of	  SK-­‐11	  (aplite	  and	  REE-­‐rich	  structure-­‐bearing	  sample)	  and	  JR-­‐11	  (fine-­‐grained	  Silver	  Plume-­‐type	  granite).	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Chapter	  3:	  Geochemical	  Data	  
3.1	  -­	  Whole	  Rock	  Chemistry	  Whole	  rock	  chemical	  and	  electron	  microprobe	  analysis	  of	  selected	  samples	  was	  performed.	  Whole	  rock	  chemistry	  was	  obtained	  by	  ACT	  labs	  and	  electron	  microprobe	  analysis	  was	  performed	  at	  the	  University	  of	  Colorado.	  Samples	  were	  chosen	  for	  analysis	  based	  on	  the	  goal	  of	  obtaining	  a	  representative	  suite	  of	  local	  Silver	  Plume-­‐type	  granites	  and	  pegmatites	  and	  examples	  of	  the	  aplite	  associated	  with	  the	  REE-­‐enrichment.	  Metasedimentary	  country	  rocks	  were	  also	  included	  for	  comparison	  for	  each	  type	  of	  analysis.	  The	  results	  of	  the	  whole	  rock	  chemical	  analysis	  are	  presented	  in	  Table	  3-­‐1:	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  Table	  3-­‐1:	  Whole	  rock	  chemistry	  of	  samples	  from	  JREL.	  	  The	  whole	  rock	  chemistry	  of	  these	  samples	  shows	  the	  aplite	  and	  REE	  enrichment	  bearing	  samples	  (JR-­‐12	  and	  SK-­‐11)	  to	  be	  more	  Ca-­‐enriched	  than	  the	  granite	  and	  pegmatite	  samples	  (CaO	  in	  the	  aplites	  samples	  up	  to	  4.93	  wt%	  oxide	  while	  the	  granites	  and	  pegmatites	  have	  a	  maximum	  of	  0.89	  wt%	  oxide	  of	  CaO).	  The	  aplite	  and	  REE	  enriched	  samples	  are	  also	  enriched	  in	  Na2O	  relative	  to	  the	  granitic	  
Analyte(Symbol JR/3 JR/11 SK/21 JR/6 JR/1 JR/17 JR/12 SK/11 CRS(GR2 CRS(GR3 JR/9 JR/10
SiO2 74.58 72.97 71.67 71.82 71.69 74.43 71.16 69.43 73.56 70.26 75.86 61.01
TiO2 0.29 0.19 0.37 0.36 0.36 0.28 0.05 0.00 0.03 0.01 0.479 0.897
Al2O3 13.91 14.35 13.15 14.84 14.95 14.79 17.64 19.48 15.16 16.62 10.21 15.1
Fe2O3(T) 1.96 1.03 2.38 2.09 2.37 2.05 0.86 0.14 0.65 0.40 5.17 8.83
MnO 0.02 0.01 0.03 0.02 0.07 0.03 0.02 0.01 0.01 0.01 0.126 0.182
MgO 0.49 0.15 0.49 0.49 0.37 0.48 0.11 0.03 0.20 0.03 1.2 2.26
CaO 0.35 0.49 0.53 0.53 0.89 0.10 3.01 4.93 2.63 2.03 0.64 1.04
Na2O 2.05 2.16 2.40 2.57 0.23 0.30 5.65 4.78 4.05 5.03 1.81 2.77
K2O 5.34 6.43 5.27 5.52 4.82 4.78 0.47 0.26 2.14 3.03 2.63 4.11
P205 0.15 0.35 0.14 0.18 0.73 0.07 0.07 <?0.01 0.26 0.16 0.07 0.16
LOI 1.52 0.99 1.62 1.41 2.81 2.78 0.99 1.01 0.95 0.62 1.09 1.85
Total 100.6 99.11 98.05 99.83 99.28 100.1 100 100.1 99.65 98.2 99.27 98.2
Sc 5 7 4 4 23 12 2 <?1 2 1 9 20
Be 3 2 2 2 10 4 11 31 14 9 4 9
V 21 8 30 30 22 17 9 <?5 10 7 37 110
Ba 444 164 631 821 112 129 552 718 <?20 <?20 257 1408
Sr 99 52 160 185 10 9 1442 3899 49 23 65 399
Y 21 34 19 21 63 8 53 47 <?20 <?20 33 28
Zr 211 119 240 290 257 48 57 5 40 50 145 389
Cr <?20 <?20 <?20 <?20 <?20 <?20 <?20 <?20 50 40 60 80
Co 16 10 21 23 88 49 12 10 26 28 46 27
Ni <?20 <?20 <?20 <?20 <?20 <?20 <?20 <?20 4.3 4 <?20 20
Cu <?10 <?10 <?10 20 <?10 240 50 20 <?5 19 20 20
Zn <?30 <?30 <?30 30 50 60 <?30 <?30 124 170 210 330
Ga 21 20 20 20 45 46 26 23 1827 1108 17 32
Ge 3 3 3 2 2 2 4 3 48.6 35.1 2 3
As <?5 <?5 <?5 <?5 <?5 <?5 <?5 <?5 47 10 <?5 <?5
Rb 318 403 244 268 511 449 31 6 10 10 365 545
Nb 26 29 10 17 100 85 6 3 <?2 <?2 15 74
Mo <?2 <?2 <?2 <?2 <?2 46 <?2 <?2 <?0.5 <?0.5 <?2 <?2
Ag 1.5 0.9 3.6 1.9 1.6 14.8 <?0.5 <?0.5 <?0.1 <?0.1 0.8 1.8
In <?0.2 <?0.2 <?0.2 <?0.2 <?0.2 <?0.2 <?0.2 <?0.2 2 <?1 <?0.2 0.2
Sn 7 7 6 5 36 31 <?1 <?1 <?0.2 <?0.2 11 18
Sb <?0.5 <?0.5 <?0.5 <?0.5 <?0.5 <?0.5 <?0.5 <?0.5 1.8 1.2 <?0.5 <?0.5
Cs 3.6 4.4 4.1 4 10 2.8 1.4 0.7 7221 1406 9.1 22.1
La 78.8 21.7 103 104 40.6 17.7 653 276 376 316 31.2 122
Ce 176 52.2 236 239 99.9 39.1 1270 418 888 337 57.3 192
Pr 21.5 6.91 29.6 29.3 12.7 4.76 184 89.9 99.5 90.9 7.66 37.8
Nd 79.8 25.5 112 112 48.9 17.5 634 340 348 315 29.3 142
Sm 13.4 6 18.7 18.3 10.9 3.2 74.1 45.5 42.5 36.8 5.6 21.2
Eu 0.92 0.39 1.4 1.36 0.58 0.18 17 17 13.6 7.49 0.73 4.24
Gd 6 3.8 9.1 8.3 7.1 1.9 29.7 22.4 25.6 18.7 5.7 15.3
Tb 0.8 0.7 1.1 0.9 1.4 0.3 3 2.4 2.61 2.02 0.9 1.6
Dy 3.7 4.7 4.5 4.1 8.8 1.5 12.3 10.1 11.2 8.75 5.4 7.8
Ho 0.7 1 0.7 0.7 1.8 0.3 1.8 1.5 1.64 1.29 1.1 1.3
Er 1.9 3 1.9 1.8 5.5 0.7 4 3.5 3.74 3.14 3.1 3.2
Tm 0.29 0.49 0.25 0.24 0.98 0.11 0.42 0.4 0.449 0.387 0.44 0.39
Yb 1.7 3.3 1.3 1.4 6.6 0.7 2 1.9 2.56 2.13 2.8 2.2
Lu 0.22 0.44 0.16 0.18 0.87 0.11 0.23 0.21 0.371 0.303 0.41 0.31
Hf 4.7 3.2 5.8 5.9 6.5 1.5 1.2 <?0.2 2.8 0.6 3.4 9.2
Ta 2.6 0.8 2 1.6 13.4 6.9 1.9 0.5 6.37 1.24 4.5 3.9
W 231 147 218 265 833 522 180 178 599 385 384 207
Tl 2.1 2.4 1.6 1.8 1.8 1.2 0.5 0.3 1.02 1 2.1 3.3
Pb 30 42 34 38 12 8 52 63 114 138 20 24
Bi <?0.4 <?0.4 <?0.4 <?0.4 <?0.4 <?0.4 <?0.4 <?0.4 <?0.1 0.2 <?0.4 <?0.4
Th 49.4 20.7 72 66.9 28.9 11.1 21.7 2.2 5.79 0.68 7.9 20.6
U 6.4 4.1 3.4 3.2 8.1 3.5 26.1 21.8 47.1 26.4 6.2 12.8
Country(RocksGranites Pegmatites Aplites
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suite	  (5.65	  and	  4.78	  wt%	  oxide	  in	  the	  aplites	  versus	  a	  maximum	  value	  of	  2.57	  wt%	  oxide	  Na2O	  in	  the	  granite).	  The	  granitic	  samples	  are	  also	  slightly	  more	  silica-­‐enriched	  than	  the	  REE-­‐associated	  aplites	  (71.16	  and	  69.43	  wt%	  oxide	  for	  SiO2).	  Combining	  the	  trace	  element	  geochemical	  data	  from	  whole	  rock	  chemical	  analysis	  of	  granites,	  pegmatites,	  aplites	  and	  REE-­‐enriched	  structures,	  and	  samples	  of	  just	  REE-­‐enrichment	  vein	  and	  pod	  rims	  and	  cores	  from	  this	  study	  and	  data	  gathered	  by	  Allaz	  et	  al.	  (in	  press)	  into	  a	  plot	  of	  whole	  rock/chondrite	  normalization	  yields	  the	  plot	  in	  Figure	  3-­‐1:	  	  
	  Figure	  3-­‐1:	  Whole	  rock	  trace	  element	  concentration/chondritic	  normalization	  constant	  values	  for	  REEs	  from	  the	  Jamestown	  REE-­‐enrichment	  locality.	  REE-­‐enriched	  vein	  and	  core	  data	  from	  Allaz	  et	  al.,	  in	  press.	  Chondritic	  norms	  used	  are	  from	  McDonough	  and	  Sun	  (1995).	  	  	   This	  figure	  shows	  that	  the	  samples	  containing	  only	  REE-­‐enriched	  structures	  (rim	  or	  core)	  and	  the	  samples	  containing	  aplitic	  matrix	  and	  REE-­‐enriched	  structures	  do	  not	  exhibit	  the	  Eu	  anomaly	  while	  the	  granites	  and	  pegmatites	  do,	  and	  the	  REE-­‐enriched	  and	  aplitic	  samples	  are	  highly	  (greater	  than	  100	  times)	  enriched	  in	  light	  REEs	  (LREEs)	  relative	  to	  heavy	  REEs	  (HREEs).	  The	  figure	  also	  shows,	  as	  observed	  by	  Allaz	  et	  al.	  (in	  press),	  that	  the	  Silver	  Plume-­‐type	  granites	  and	  pegmatites	  are	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3.2	  -­	  Mineral	  Chemistry	  The	  results	  of	  the	  electron	  microprobe	  analysis	  on	  feldspar	  grains	  are	  presented	  in	  Table	  3-­‐2	  Figure	  3-­‐2:
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Table	  3-­‐2:	  Electron	  microprobe	  data	  for	  feldspar	  grains	  from	  JREL	  samples.	  This	  data	  also	  shows	  the	  Ca-­‐enrichment	  in	  the	  aplite	  and	  REE-­‐bearing	  samples	  seen	  in	  the	  whole	  rock	  chemical	  data	  above.	  The	  samples	  associated	  with	  the	  aplite	  and	  REE	  enrichment	  veins	  (SK-­‐11,	  JR-­‐13,	  and	  JR-­‐15)	  contain	  at	  most	  81%	  
Label JR3Plagioclase#11 JR3Plagioclase#21 JR3Plagioclase#31 JR11Plagioclase1#11 JR11Plagioclase1#21 JR3KFeldspar#11 JR3KFeldspar#21 JR11K8Feldspar#1 JR11K8Feldspar#2
SiO2 66.11 61.76 64.2 68 66.92 64.36 62.97 62.61 63.97
Al2O3 19.61 22.46 21.33 20.17 20.15 18.98 18.69 18.84 18.71
FeO 0.0427 0.0473 0.0443 0.0495 0 0.0061 0.0183 0 0.0338
MnO 0 0.0125 0 0 0 0.0284 0.0178 0 0.0137
MgO 0.0062 0 0 0.0034 0 0 0 0 0
CaO 0.2248 1.5476 2.1377 0.2511 0.5528 0.0659 0.1082 0.017 0.0342
Na2O 11.14 9.47 10.16 11.42 11.21 0.8873 0.7629 0.6038 0.666
K2O 0.5965 0.3332 0.182 0.0585 0.0997 16.24 16.23 16.55 16.36
Total 97.73 95.64 98.05 99.95 98.93 100.56 98.8 98.62 99.78
Label JR3Plagioclase#11 JR3Plagioclase#21 JR3Plagioclase#31 JR11Plagioclase1#11 JR11Plagioclase1#21 JR3KFeldspar#11 JR3KFledspar#21 JR111K8feldspar1#11 JR11Feldspar1#21
Na 1.9308 1.6893 1.7653 1.9373 1.9215 0.1575 0.1378 0.1093 0.1193
Mg 0.0008 0 0 0.0004 0 0 0 0 0
Al 2.0659 2.4348 2.2522 2.0797 2.0989 2.0473 2.0524 2.0728 2.0365
Si 5.91 5.68 5.753 5.949 5.916 5.89 5.867 5.846 5.91
K 0.068 0.0391 0.0208 0.0065 0.0112 1.8957 1.929 1.9707 1.9277
Ca 0.0215 0.1525 0.2052 0.0235 0.0524 0.0065 0.0108 0.0017 0.0034
Fe 0.0032 0.0036 0.0033 0.0036 0 0.0005 0.0014 0 0.0026
Mn 0 0.001 0 0 0 0.0022 0.0014 0 0.0011
O 15.943 16.033 15.986 16.017 15.999 15.888 15.86 15.842 15.904
CatTot 10 10 10 10 10 10 10 10 10
Total 25.943 26.033 25.986 26.017 25.999 25.888 25.86 25.842 25.904
Atomic# 10.52 10.36 10.642 10.725 10.631 11.865 11.678 11.67 11.79
Label JR10Plagioclase#11 JR10Plagioclase#21 JR10KFeldspar#11 JR10KFeldspar#21
SiO2 58.91 59.05 59.86 59.03
Al2O3 20.93 19.5 17.69 17.44
FeO 0.0219 0.0175 0.0072 0.0274
MnO 0 0.0204 0.0034 0.0202
MgO 0 0 0.0004 0
CaO 4.06 3.22 0.0292 0.0081
Na2O 9.1 9.67 0.9449 1.2244
K2O 0.1728 0.0855 15.4 15.28
Total 93.21 91.57 93.94 93.03
Label JR10Plagioclase#11 JR10Plagioclase#21 JR10KFeldspar#11 JR10KFeldspar#21
Na 1.6681 1.7965 0.1792 0.2339
Mg 0 0 0.0001 0
Al 2.3315 2.2019 2.0389 2.0249
Si 5.567 5.658 5.856 5.816
K 0.0208 0.0105 1.9221 1.9206
Ca 0.4108 0.3306 0.0031 0.0009
Fe 0.0017 0.0014 0.0006 0.0023
Mn 0 0.0017 0.0003 0.0017
O 15.888 15.855 15.825 15.751
CatTot 10 10 10 10
Total 25.888 25.855 25.825 25.751
Atomic# 10.232 10.002 11.093 10.989
Label SK11Plagioclase#11 SK11Plagioclase#21 SK11Plagioclase#31 JR13Plagioclase#11 JR13Plagioclase#21 JR15Plagioclase#11 JR15Plagioclase#21 JR15Plagioclase#31
SiO2 63.12 60.82 60.05 55.52 56.84 60.44 60.38 60.59
Al2O3 22.85 23.12 23.24 21.67 21.98 24.68 25.27 24.39
FeO 0.0466 0.0212 0.0212 0 0.0869 0.0211 0.0091 0.0121
MnO 0 0.0247 0.0099 0 0.0275 0.0423 0 0.0212
MgO 0 0 0.003 0 0 0.0029 0 0
CaO 3.67 4.69 4.43 5.46 5.29 5.71 5.8 5.51
Na2O 9.38 8.76 8.93 8.27 8.46 8.04 7.94 8.22
K2O 0.1777 0.1293 0.1918 0.1125 0.1378 0.2298 0.1854 0.2231
Total 99.25 97.57 96.88 91.02 92.83 99.16 99.59 98.95
Label SK11Plagioclase#11 SK11Plagioclase#21 SK11Plagioclase#31 JR13Plagioclase#11 JR13Plagioclase#21 JR15Plagioclase#11 JR15Plagioclase#21 JR15Plagioclase#31
Na 1.6182 1.5406 1.578 1.5555 1.5606 1.3975 1.3748 1.429
Mg 0 0 0.0004 0 0 0.0004 0 0
Al 2.3948 2.4705 2.4953 2.4778 2.4654 2.6068 2.6589 2.5788
Si 5.614 5.515 5.47 5.386 5.409 5.416 5.39 5.435
K 0.0202 0.015 0.0223 0.0139 0.0167 0.0263 0.0211 0.0255
Ca 0.3494 0.4554 0.4321 0.5671 0.5395 0.5479 0.5549 0.5292
Fe 0.0035 0.0016 0.0016 0 0.0069 0.0016 0.0007 0.0009
Mn 0 0.0019 0.0008 0 0.0022 0.0032 0 0.0016
O 15.992 15.973 15.917 15.84 15.853 16.008 16.021 15.997
CatTot 10 10 10 10 10 10 10 10
Total 25.992 25.973 25.917 25.84 25.853 26.008 26.021 25.997
Atomic# 10.861 10.738 10.65 10.075 10.272 10.979 11.022 10.941
Label JR13KFeldspar#1 JR15KFeldspar#1 JR15KFeldspar#2 SK11KFeldspar#1 SK11KFeldspar#2 SK11KFeldspar#3
SiO2 56.27 59.29 59.13 62.32 60.51 61.64
Al2O3 17.75 19.23 18.95 18.49 18.18 18.22
FeO 0.0307 0.0361 0.0121 0 0.0436 0.0225
MnO 0 0 0.016 0 0 0.0197
MgO 0 0 0 0 0 0
CaO 0.04 0.012 0.0346 0.0097 0.0143 0.0015
Na2O 0.876 0.9896 0.8859 1.588 0.6237 0.661
K2O 14.84 13.67 14.24 15.05 16.16 16.28
Total 89.8 93.23 93.27 97.46 95.53 96.85
Label JR13KFeldspar#11 JR15KFeldspar#11 JR15KFeldspar#21 SK11KFeldspar#11 SK11KFeldspar#21 SK11KFeldspar#31
Na 0.1735 0.1893 0.1694 0.2894 0.1165 0.1218
Mg 0 0 0 0 0 0
Al 2.1368 2.2361 2.2019 2.0478 2.0643 2.0414
Si 5.749 5.85 5.831 5.858 5.829 5.859
K 1.9339 1.7201 1.7916 1.804 1.9854 1.9743
Ca 0.0044 0.0013 0.0037 0.001 0.0015 0.0002
Fe 0.0026 0.003 0.001 0 0.0035 0.0018
Mn 0 0 0.0013 0 0 0.0016
O 15.764 16.014 15.952 15.835 15.81 15.832
CatTot 10 10 10 10 10 10
Total 25.764 26.014 25.952 25.835 25.81 25.832
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albite	  in	  their	  plagioclase	  grains,	  with	  most	  samples	  displaying	  70-­‐76%	  albite	  range.	  This	  is	  in	  contrast	  to	  the	  granites,	  which	  have	  a	  low	  of	  89%	  albite	  in	  measured	  grains,	  with	  most	  samples	  in	  the	  90-­‐97%	  albite	  range	  (see	  Figure	  3-­‐2	  for	  ternary	  plot	  of	  feldspar	  mineralogy	  in	  samples).	  
	  Figure	  3-­‐2:	  Ternary	  plot	  of	  feldspar	  grains	  from	  JREL	  samples.	  The	  results	  of	  the	  electron	  microprobe	  analysis	  on	  mica	  grains	  is	  presented	  in	  Table	  3-­‐3	  and	  Figure	  3-­‐3:	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Table	  3-­‐3:	  Electron	  microprobe	  data	  from	  mica	  grains	  from	  JREL	  samples.	  
Label JR11)Biotite)#1) JR11Biotite)#2) JR11Biotite)#3) JR11Biotite#4) JR11Biotite#5) JR3Biotite#1) JR3Biotite#2) JR3Biotite#3) JR11Muscovite#1) JR3Muscovite#1)
Na2O 0.014 0.0166 0.0597 0.0241 0.0336 0.1208 0.1142 0.1065 0.3648 0.4262
MgO 3.38 2.7847 2.9478 2.8692 3.02 8.82 6.74 8.29 0.7046 0.9112
Al2O3 16.6 17.31 16.41 16.72 17.08 17.85 18.41 17.34 31.2 31.33
SiO2 34.04 34.97 33.55 32.51 34.4 36.25 36.91 35.47 44.89 45.28
F 0.9947 0.3877 0.6291 0.8119 0.6024 1.7471 1.2124 1.0066 0.4939 0.5663
K2O 9.83 9.39 9.57 10 9.6 9.8 10.02 10.12 11.11 11.05
CaO 0.0493 0.0734 0.0986 0.0278 0.0856 0.14 0.0156 0.0191 0.0308 0.0454
Cl 0.1424 0.1289 0.1124 0.132 0.1315 0.1172 0.1115 0.1504 0.0105 0.004
TiO2 2.5382 2.7304 2.5648 2.3227 2.5244 2.1147 2.3477 2.4985 0.7882 0.9643
FeO 27.25 26.15 26.48 27.02 27.91 18.16 20.05 20.13 3.83 3.53
MnO 0.1918 0.2333 0.2519 0.3105 0.2743 0.7064 0.6485 0.6907 0.0498 0.0458
Total 94.58 93.99 92.39 92.39 95.38 95.07 96.04 95.36 93.27 93.92
Label JR11)biotite)#1) JR11Biotite)#2) JR11Biotite)#3) JR11Biotite#4) JR11Biotite#5) JR3Biotite#1) JR3Biotite#2) JR3Biotite#3) JR11Muscovite#1) JR3Muscovite#1)
Na 0.0045 0.0054 0.0197 0.008 0.0108 0.0372 0.0351 0.0328 0.0976 0.1131
Mg 0.8386 0.6936 0.7478 0.7284 0.7434 2.0888 1.5951 1.9637 0.1449 0.1859
Al 3.257 3.409 3.291 3.357 3.324 3.343 3.445 3.247 5.074 5.056
Si 5.666 5.845 5.711 5.537 5.679 5.759 5.861 5.635 6.194 6.199
F 0.5236 0.2049 0.3387 0.4373 0.3146 0.8779 0.6089 0.5059 0.2155 0.2452
K 2.0869 2.0023 2.0781 2.1732 2.0221 1.9872 2.0302 2.0517 1.9548 1.9304
Ca 0.0088 0.0131 0.018 0.0051 0.0151 0.0238 0.0027 0.0033 0.0046 0.0067
Cl 0.0402 0.0365 0.0324 0.0381 0.0368 0.0316 0.03 0.0405 0.0025 0.0009
Ti 0.3177 0.3431 0.3283 0.2975 0.3134 0.2527 0.2804 0.2986 0.0818 0.0993
Fe 3.793 3.655 3.769 3.848 3.853 2.4134 2.6625 2.6745 0.4425 0.4044
Mn 0.027 0.033 0.0363 0.0448 0.0384 0.0951 0.0872 0.093 0.0058 0.0053
O 22.285 22.768 22.451 22.185 22.463 22.216 22.512 22.242 21.678 21.681
CatTot 16.564 16.241 16.371 16.475 16.351 16.909 16.639 16.546 14.218 14.246
Total 38.848 39.009 38.822 38.661 38.814 39.126 39.151 38.788 35.896 35.927
Atomic# 14.018 13.825 13.691 13.767 14.175 13.058 13.397 13.351 11.204 11.244
Label JR17Biotite#1) JR17Biotite#2) JR17Biotite#3) JR17)Biotite#4) JR17Muscovite#1) JR17)Muscovite#2)
Na2O 0.2076 0.0972 0.0959 0.1286 0.5799 0.5959
MgO 5.27 5.19 5.12 5.66 1.0417 1.0529
Al2O3 17.36 17.88 17.46 17.21 31.94 31.23
SiO2 33.49 34.65 34.18 34.72 44.53 44.13
F 2.3423 1.7328 2.2341 2.2474 1.2191 1.3195
K2O 9.79 9.94 9.75 9.97 10.84 10.81
CaO 0.0225 0.019 0.0589 0.0209 0.0375 0.0679
Cl 0.2393 0.2462 0.2046 0.1788 0.0003 0.007
TiO2 2.3841 2.4014 2.3847 2.3019 0.8253 0.7232
FeO 24.79 24.19 24.66 24.56 3.99 3.8
MnO 0.6294 0.5385 0.5882 0.6186 0.0452 0.061
Total 95.49 96.1 95.74 96.63 94.54 93.24
Na 0.0659 0.0305 0.0304 0.0402 0.1532 0.1597
Mg 1.2863 1.2526 1.2456 1.3605 0.2116 0.2169
Al 3.347 3.411 3.36 3.27 5.131 5.087
Si 5.48 5.609 5.581 5.6 6.069 6.098
F 1.2121 0.8871 1.1538 1.1462 0.5255 0.5767
K 2.0438 2.053 2.0307 2.0503 1.8848 1.9063
Ca 0.004 0.0033 0.0103 0.0036 0.0055 0.01
Cl 0.0663 0.0675 0.0566 0.0489 0.0001 0.0016
Ti 0.2934 0.2923 0.2929 0.2792 0.0846 0.0752
Fe 3.392 3.274 3.368 3.312 0.455 0.4395
Mn 0.0872 0.0738 0.0814 0.0845 0.0052 0.0071
O 21.753 22.088 21.918 21.871 21.437 21.395
CatTot 17.278 16.955 17.21 17.195 14.526 14.578
Total 39.032 39.043 39.128 39.066 35.963 35.973
Atomic# 13.863 13.865 13.87 13.96 11.334 11.17
Label JR10Biotite#1) JR10Biotite#2) JR10Biotite#3) JR10Muscovite#1)
Na2O 0.0897 0.0592 0.0843 0.4073
MgO 7.6 8.15 8.43 1.5284
Al2O3 16.18 16 16.04 24.82
SiO2 35.59 35.29 35.35 43.3
F 2.0986 2.0979 2.1962 1.2017
K2O 10.01 9.87 10.09 10.95
CaO 0 0.0252 0.0239 0.0285
Cl 0.0511 0.0774 0.0794 0.0019
TiO2 2.2939 2.3056 2.1327 0.8282
FeO 21.82 21.5 20.22 4.59
MnO 0.5863 0.6692 0.6125 0.0436
Total 95.43 95.14 94.32 87.19
Na 0.028 0.0185 0.0264 0.1175
Mg 1.8235 1.9572 2.0324 0.3389
Al 3.07 3.038 3.059 4.352
Si 5.728 5.685 5.719 6.441
F 1.0682 1.069 1.1235 0.5653
K 2.0561 2.029 2.0816 2.0774
Ca 0 0.0044 0.0041 0.0045
Cl 0.0139 0.0211 0.0218 0.0005
Ti 0.2776 0.2794 0.2594 0.0926
Fe 2.9365 2.8975 2.735 0.5709
Mn 0.0799 0.0913 0.0839 0.0055
O 21.958 21.914 21.881 21.329
CatTot 17.082 17.09 17.145 14.566
Total 39.04 39.005 39.026 35.895
Atomic# 13.509 13.444 13.208 10.624
Label SK11Biotite#1) SK11Biotite#2) SK11Biotite#3) SK11Biotite#4 JR15Biotite#1) JR15Biotite#2) JR15Biotite#3) JR15Biotite#4) JR15Biotite#5) JR15Biotite#6)
Na2O 0.0391 0.0919 0.0551 0.0802 0.0611 0.0705 0.0836 0.0691 0.0876 0.0867
MgO 8.32 7.74 8.71 8.25 12.39 12.12 12.18 11.44 11.33 11.46
Al2O3 16.16 16.79 16.13 16.24 15.41 15.97 16.26 16.43 15.6 15.73
SiO2 35.75 35.41 36.04 35.13 34.47 36.29 36.96 36.07 34.94 35.26
F 2.2724 2.1186 2.7032 2.4379 2.3897 2.5126 2.4473 2.6124 2.8039 2.7501
K2O 10.15 9.86 9.91 9.88 9.8 9.77 9.86 9.68 9.47 9.61
CaO 0 0.0664 0.0223 0.0295 0.0337 0.0044 0.0531 0.0492 0.1034 0.0534
Cl 0.0869 0.0642 0.0546 0.0747 0.0423 0.0441 0.0349 0.0677 0.072 0.0635
TiO2 2.2008 1.8398 1.606 2.047 2.1428 2.131 2.094 2.2117 2.1147 2.1389
FeO 21.47 21.31 21.01 20.89 15.58 16.09 15.86 16.54 15.33 15
MnO 0.5416 0.5034 0.5901 0.5379 0.4383 0.4798 0.3803 0.4709 0.4597 0.4324
Total 96.01 94.88 95.69 94.55 91.74 94.41 95.17 94.51 91.11 91.4
Na 0.0121 0.0287 0.0171 0.0252 0.0192 0.0216 0.0254 0.0213 0.0279 0.0275
Mg 1.9783 1.8604 2.0754 1.9911 2.9918 2.8543 2.8405 2.703 2.7758 2.7915
Al 3.038 3.191 3.04 3.099 2.9429 2.9738 2.9986 3.07 3.021 3.03
Si 5.704 5.712 5.761 5.689 5.583 5.735 5.786 5.719 5.74 5.764
F 1.1466 1.0809 1.3666 1.2484 1.2243 1.2558 1.2114 1.3101 1.4571 1.4219
K 2.065 2.0285 2.0206 2.0399 2.0249 1.9705 1.9677 1.9576 1.9844 2.0039
Ca 0 0.0115 0.0038 0.0051 0.0058 0.0007 0.0089 0.0084 0.0182 0.0094
Cl 0.0235 0.0175 0.0148 0.0205 0.0116 0.0118 0.0093 0.0182 0.0201 0.0176
Ti 0.2641 0.2232 0.1931 0.2492 0.261 0.2533 0.2465 0.2637 0.2613 0.263
Fe 2.8652 2.8752 2.8093 2.8283 2.1107 2.1263 2.0765 2.1934 2.1065 2.0514
Mn 0.0732 0.0688 0.0799 0.0738 0.0601 0.0642 0.0504 0.0632 0.064 0.0599
O 21.864 21.953 21.765 21.82 21.676 21.846 21.924 21.865 21.768 21.806
CatTot 17.17 17.098 17.381 17.269 17.236 17.268 17.221 17.328 17.477 17.439
Total 39.034 39.052 39.146 39.089 38.912 39.113 39.145 39.193 39.245 39.246
Atomic# 13.53 13.352 13.396 13.281 12.357 12.702 12.754 12.767 12.248 12.247
Label JR15Biotite#7) JR15Biotite#8) SK15Biotite#3 SK15Biotite#4 JR13Biotite#1) JR13Biotite#2) JR13Biotite#3) JR13Biotite#4) JR13Biotite#5)
Na2O 0.0554 0.0674 0.1245 0.1028 0.0855 0.0444 0.0646 0.0618 0.1184
MgO 11.52 11.09 15.55 17.35 10.19 10.22 10.31 9.78 10.28
Al2O3 15.83 16.14 15.26 13.9 14.21 14.61 14.72 14.87 14.66
SiO2 36.55 36.97 38.71 38.83 35.23 35.85 35.36 34.93 35.77
F 2.0755 2.5236 2.3107 2.6625 2.1158 1.7685 2.3587 2.2326 2.2241
K2O 9.73 10.21 8.4 9.95 10.02 10.09 9.93 9.9 9.87
CaO 0.0649 0.0003 0.1031 0.0844 0.0096 0.0193 0.0106 0.0172 0.0261
Cl 0.1041 0.0509 0.048 0.0339 0.0582 0.0638 0.0528 0.0585 0.0699
TiO2 2.31 2.5064 0.849 0.8351 2.1183 1.8955 1.9403 2.0929 2.0064
FeO 16.66 16.74 11.47 12.16 19.36 18.11 18.79 18.65 18.9
MnO 0.4946 0.6106 0.4935 0.5874 0.427 0.417 0.4329 0.483 0.3574
Total 94.51 95.84 92.33 95.37 92.91 92.33 92.96 92.13 93.33
Na 0.017 0.0205 0.038 0.0303 0.027 0.014 0.0204 0.0197 0.0372
Mg 2.7194 2.5913 3.651 3.928 2.4728 2.4825 2.4978 2.3956 2.4809
Al 2.9534 2.9818 2.8318 2.4875 2.7266 2.806 2.8213 2.8801 2.7978
Si 5.787 5.795 6.096 5.898 5.736 5.841 5.748 5.738 5.791
F 1.0391 1.2509 1.151 1.2789 1.0896 0.9113 1.2128 1.16 1.1387
K 1.9647 2.0407 1.6883 1.927 2.0816 2.0961 2.0585 2.0752 2.0372
Ca 0.011 0.0001 0.0174 0.0137 0.0017 0.0034 0.0018 0.003 0.0045
Cl 0.0279 0.0135 0.0128 0.0087 0.0161 0.0176 0.0146 0.0163 0.0192
Ti 0.275 0.2954 0.1006 0.0954 0.2594 0.2322 0.2372 0.2586 0.2443
Fe 2.2063 2.1944 1.5107 1.5449 2.6359 2.4677 2.5552 2.5623 2.5583
Mn 0.0663 0.0811 0.0658 0.0756 0.0589 0.0575 0.0596 0.0672 0.049
O 22.014 21.918 22.168 21.615 21.752 21.956 21.743 21.801 21.818
CatTot 17.067 17.264 17.164 17.288 17.106 16.929 17.227 17.176 17.158
Total 39.081 39.183 39.331 38.902 38.857 38.885 38.97 38.978 38.976
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   This	  data	  shows	  an	  increase	  in	  Mg/Fe	  atomic	  ratio	  between	  the	  granites	  and	  the	  aplite	  and	  REE-­‐rich	  structure-­‐bearing	  samples.	  In	  the	  aplitic	  samples	  the	  Mg/Fe	  ratio	  is	  between	  0.67	  and	  2.5,	  while	  in	  the	  granites	  the	  ratio	  is	  between	  0.19	  and	  0.86.	  Figure	  3-­‐3	  shows	  the	  disparity	  in	  Mg	  versus	  Fe	  content	  between	  all	  samples,	  with	  sample	  type	  and	  location	  in	  thin	  section	  in	  regards	  to	  REE-­‐enriched	  structures	  indicated	  where	  applicable.	  
	  	  Figure	  3-­‐3:	  MgO	  wt%	  oxide	  versus	  FeO	  wt%	  oxide	  for	  biotite	  grains	  in	  all	  samples	  from	  the	  Jamestown	  REE	  enrichment	  locality.	  Sample	  rock	  type	  and	  location	  of	  grain	  in	  relation	  to	  REE-­‐enriched	  structures	  indicated	  where	  applicable.	  The	  greater	  the	  proximity	  of	  the	  biotite	  grain	  probed	  in	  the	  aplite	  matrix	  to	  an	  allanite	  rim	  of	  a	  REE-­‐rich	  pod,	  the	  greater	  the	  Mg/Fe	  ratio.	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Chapter	  4:	  Isotopic	  Analysis	  and	  Radiometric	  Dating	  	   A	  solid-­‐source	  mass	  spectrometer	  was	  used	  to	  measure	  Nd	  isotopic	  ratios	  in	  a	  range	  of	  samples,	  including	  granites	  and	  pegmatite	  from	  the	  northern	  REE-­‐enriched	  locality,	  garnet	  and	  feldspar	  grains	  from	  a	  pegmatite	  in	  the	  Long’s	  Peak	  batholith,	  metasedimentary	  country	  rocks	  from	  the	  northern	  locality,	  and	  aplites	  and	  core	  and	  rim	  structures	  of	  the	  REE-­‐eniched	  pods	  at	  the	  northern	  locality.	  The	  Sm	  and	  Nd	  isotopic	  data	  gathered	  in	  this	  study	  is	  presented	  in	  Table	  4-­‐1:	  
Table	  4-­‐1:	  143Nd/144Nd	  and	  147Sm/144Nd	  data	  for	  JREL	  samples.	  	   The	  data	  was	  used	  to	  construct	  isochrons	  to	  examine	  genetic	  and	  other	  relationships	  between	  these	  rock	  types.	  The	  Nd/Sm	  isochron	  for	  all	  sample	  types	  is	  presented	  in	  Figure	  4-­‐1,	  for	  granites	  and	  pegmatites	  in	  Figure	  4-­‐2,	  and	  for	  REE-­‐enriched	  veins	  and	  surrounding	  aplites	  in	  Figure	  4-­‐3.	  	  Radiometric	  dating	  has	  been	  performed	  previously	  on	  the	  Silver	  Plume-­‐type	  batholiths,	  including	  Rb/Sr	  dating	  by	  Peterman	  and	  Hedge	  (1968)	  giving	  an	  age	  of	  1450	  Ma	  for	  the	  Long’s	  Peak/St.	  Vrain	  batholith	  and	  a	  mean	  age	  of	  1418	  Ma	  for	  the	  Long’s	  Peak/St.	  Vrain	  batholith,	  the	  Log	  Cabin	  batholith,	  the	  Sherman	  granite,	  and	  biotite-­‐muscovite	  granites	  not	  assigned	  to	  larger	  plutons.	  Graubard	  and	  Mattinson	  
SAMPLE Sm (ppm) Sm UCN Nd (ppm) Nd UCN 147Sm/144Nd ID 147Sm/144Nd  error 143Nd/144NdM 143Nd UNC
2sigma 2 sigma 2 sigma
JR-3 11.331 0.002 70.07 0.01 0.0978 0.00002 0.511540 0.000015
JR-11 4.397 0.001 19.538 0.003 0.1362 0.00004 0.511859 0.000007
JR-8 8.873 0.001 28.232 0.005 0.1901 0.00004 0.512406 0.000009
JR-9 5.986 0.003 31.480 0.002 0.1150 0.00006 0.511754 0.000010
JR-10 21.738 0.006 139.55 0.02 0.0942 0.00003 0.511503 0.000013
JR-18 Feldspar 55.77 0.01 286.73 0.06 0.1177 0.00003 0.511662 0.000018
JR-18 garnet 31.59 0.02 160.01 0.12 0.1194 0.00012 0.511707 0.000011
SK-11 36.9 0.01 273.03 0.06 0.0818 0.00003 0.511473 0.000009
JR-12 54.979 0.014 463.7 0.6 0.0717 0.00009 0.511380 0.000008
C1 11280 6 90100 22 0.0757 0.00004 0.511455 0.000007
A1 core 11013 2 84671 17 0.0787 0.00002 0.511464 0.000006
SK15 2715 1 34070 9 0.0482 0.00002 0.511136 0.000010
A1 rim 6585 1 55224 3 0.0721 0.00001 0.511398 0.000011
S1 (Y) 1810.8 0.3 16461 5 0.0666 0.00002 0.511348 0.000010
Aplites
REE-enriched Structures
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(1990)	  performed	  U-­‐Pb	  dating	  on	  the	  Silver	  Plume-­‐type	  granite	  and	  determined	  a	  zircon	  crystallization	  age	  of	  1422	  Ma	  (+/-­‐	  3).	  Allaz	  et	  al.	  used	  an	  electron	  microprobe	  to	  perform	  U-­‐Th-­‐PbTOTAL	  dating	  on	  the	  REE-­‐rich	  structures	  and	  veins	  from	  the	  Jamestown	  locality	  and	  determined	  an	  age	  of	  1420	  Ma	  (+/-­‐	  25)	  for	  monzaite	  and	  1442	  Ma	  (+/-­‐	  8)	  for	  uraninite	  (Allaz	  et	  al.,	  in	  press).	  	  
	  Figure	  4-­‐1:	  Isochron	  for	  all	  measured	  samples.	  	  The	  isochron	  in	  Figure	  4-­‐1	  gives	  an	  age	  of	  1260	  Ga	  (+/-­‐	  120),	  which	  does	  not	  agree	  with	  the	  ages	  reported	  by	  Peterman	  and	  Hedge	  (1968)	  and	  Graubard	  and	  Mattinson	  (1990)	  for	  the	  batholith	  nor	  does	  it	  agree	  with	  the	  results	  reported	  by	  Allaz	  et	  al.	  (in	  press)	  for	  the	  REE-­‐enriched	  structures.	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  Figure	  4-­‐2:	  Isochron	  of	  Silver	  Plume-­‐type	  granites	  and	  metamorphic	  country	  rock	  from	  the	  northern	  REE	  enrichment	  locality	  and	  Long’s	  Peak	  batholith	  pegmatites.	  	   Removing	  the	  samples	  that	  include	  the	  aplite	  matrix	  and	  REE-­‐enriched	  pod	  and	  vein	  structures	  associated	  with	  the	  REE	  enrichment	  locality	  gives	  the	  isochron	  in	  Fig.	  4-­‐2.	  This	  isochron	  of	  metamorphic	  country	  rocks,	  Long’s	  Peak	  batholith	  pegmatites,	  and	  Silver	  Plume-­‐type	  granites	  and	  pegmatite	  from	  the	  vicinity	  of	  the	  northern	  REE	  enrichement	  locality	  gives	  an	  age	  of	  1421	  Ma	  (+/-­‐	  200),	  which	  does	  agree	  with	  the	  ages	  determined	  by	  Peterman	  and	  Hedge	  (1968)	  and	  Graubard	  and	  Mattinson	  (1990).	  	   	  	  	  
	   38	  
	  Figure	  4-­‐3:	  Isochron	  of	  samples	  bearing	  aplite	  matrix	  and/or	  REE-­‐enriched	  rim	  and	  core	  sequences	  from	  the	  northern	  REE	  enrichment	  locality.	  	  	   A	  third	  isochron,	  consisting	  of	  samples	  with	  the	  aplite	  matrix	  and	  REE-­‐enriched	  veins	  and	  core	  structures	  from	  the	  northern	  REE	  enrichment	  locality	  is	  shown	  in	  Figure	  4-­‐3.	  This	  isochron	  gives	  an	  age	  of	  1522	  Ma	  (+/-­‐	  200).	  This	  age	  is	  older	  than	  that	  reported	  by	  Peterman	  and	  Hedge	  (1968)	  for	  the	  batholith,	  the	  age	  reported	  by	  Allaz	  et	  al.	  (in	  press)	  for	  the	  REE-­‐enriched	  veins	  and	  structures,	  and	  the	  age	  reported	  by	  the	  isochron	  in	  Figure	  4-­‐3	  above.	  However,	  this	  age	  agrees	  with	  each	  of	  these	  ages	  when	  analytic	  error	  bounds	  are	  taken	  into	  account.	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Chapter	  5:	  Discussion	  	   The	  Silver	  Plume-­‐type	  granites	  and	  pegmatites	  and	  the	  felsic	  aplitic	  matrix	  present	  in	  samples	  containing	  allanite	  or	  portions	  of	  the	  REE-­‐enriched	  pods	  and	  veins	  described	  by	  Allaz	  et	  al.	  (in	  press)	  are	  interpreted	  as	  having	  distinct	  origins	  from	  one	  another.	  The	  key	  differences	  between	  the	  felsic	  aplite	  matrix	  and	  the	  local	  granite	  suite	  are	  evident	  in	  the	  following	  observations:	  the	  aplitic	  samples	  are	  more	  Ca-­‐enriched	  and	  possess	  a	  higher	  ratio	  of	  MgO	  vs	  FeO	  in	  biotite	  grains	  than	  the	  granites	  do;	  the	  aplites	  display	  chondrite-­‐normalized	  La/Yb	  ratios	  similar	  to	  that	  produced	  by	  Allaz	  et	  al.	  in	  samples	  taken	  from	  the	  core	  and	  rim	  sequences	  of	  the	  REE-­‐enriched	  pods	  and	  veins,	  while	  the	  granites	  display	  a	  different	  trend,	  including	  a	  lower	  La/Yb	  ratio	  and	  a	  negative	  Eu	  anomaly;	  and	  the	  petrologic	  appearance	  of	  the	  aplite	  matrix	  and	  the	  granites	  are	  noticeably	  different.	  	   The	  radiometric	  age	  information	  shows	  some	  similarities	  between	  the	  REE-­‐enriched	  rocks	  and	  the	  local	  Silver	  Plume	  and	  metamorphic	  rocks.	  The	  Nd/Sm	  isochrons	  of	  the	  metamorphic	  county	  rocks	  and	  granites	  and	  pegmatites	  from	  the	  Long’s	  Peak	  and	  St.	  Vrain	  batholiths	  in	  this	  study	  yield	  an	  age	  that	  agrees	  with	  those	  published	  in	  the	  literature	  for	  the	  Silver	  Plume-­‐type	  granites,	  including	  Rb-­‐Sr	  dating	  by	  Peterman	  and	  Hedge	  (1968)	  	  and	  U-­‐Pb	  dating	  by	  Graubard	  and	  Mattison	  (1990)	  (1422	  Ma	  +/-­‐	  3)	  while	  the	  Nd/Sm	  isochron	  for	  the	  aplitic	  and	  REE-­‐enriched	  structure	  bearing	  samples	  gives	  an	  age	  that	  agrees	  within	  the	  analytical	  uncertainty	  (which	  is	  large)	  with	  the	  U-­‐Th-­‐PbTOTAL	  electron	  microprobe	  age	  generated	  by	  Allaz	  et	  al.	  (in	  press)	  for	  rim,	  core,	  and	  vein	  of	  the	  REE-­‐enriched	  structures	  at	  the	  JREL.	  
	  
5.1	  -­	  Geochemical	  Differences	   	  	   The	  aplite	  samples	  contain	  CaO	  content	  between	  2.03	  and	  4.93	  wt	  %	  with	  an	  average	  value	  of	  3.2%	  across	  four	  samples.	  The	  granite	  and	  pegmatite	  samples	  contain	  CaO	  content	  between	  0.10	  and	  0.89	  wt	  %	  for	  six	  samples,	  with	  an	  average	  content	  of	  0.48%.	  Thus	  the	  samples	  containing	  the	  REE-­‐associated	  allanite	  and	  aplitic	  matrix	  are	  at	  least	  twice	  and	  as	  much	  as	  49	  times	  as	  enriched	  in	  CaO	  as	  the	  granite	  and	  pegmatite	  samples.	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   The	  trend	  in	  Ca-­‐enrichment	  in	  aplitic	  samples	  versus	  granitic	  and	  pegmatite	  samples	  is	  also	  seen	  in	  individual	  plagioclase	  grains.	  The	  plagioclase	  feldspars	  in	  the	  aplite	  are	  oligoclase	  while	  those	  in	  the	  granites	  and	  pegmatites	  are	  albite	  (Figure	  3-­‐2	  and	  Table	  3-­‐2).	  	  	   The	  aplitic	  samples	  are	  also	  different	  from	  the	  local	  granitic	  rocks	  in	  their	  MgO	  vs	  FeO	  content	  in	  biotite	  grains	  as	  shown	  in	  Table	  5-­‐1.	  Analysis	  by	  electron	  microprobe	  shows	  that	  biotite	  grains	  from	  the	  aplitic	  samples	  contain	  MgO/FeO	  wt	  %	  ratios	  ranging	  between	  1.4	  and	  0.39,	  with	  an	  average	  ratio	  across	  19	  grains	  from	  four	  samples	  of	  0.68.	  This	  marks	  a	  contrast	  to	  the	  biotite	  grains	  in	  the	  granite	  and	  pegmatite	  samples	  where	  biotite	  grains	  showed	  MgO/FeO	  wt	  %	  ratios	  between	  0.49	  and	  0.11,	  with	  an	  average	  ratio	  of	  0.22	  across	  12	  grains	  from	  three	  samples.	  The	  MgO/FeO	  wt	  %	  ratio	  increases	  in	  biotites	  in	  samples	  within	  the	  aplitic	  matrix	  and	  allanite	  as	  compared	  to	  the	  ratio	  in	  the	  granites.	  
	  Table	  5-­‐1:	  Table	  showing	  the	  MgO/FeO	  wt	  %	  ratio	  on	  biotite	  grains	  from	  aplitic	  and	  allanite-­‐bearing	  samples	  and	  granite	  and	  pegmatite	  samples	  from	  JREL.	  	  	   The	  increase	  in	  MgO/FeO	  wt	  %	  ratio	  varies	  further	  depending	  on	  the	  textural	  association	  between	  biotite	  and	  allanite	  and	  other	  REE-­‐associated	  minerals	  in	  the	  samples.	  In	  SK-­‐11,	  a	  sample	  with	  aplitic	  matrix	  and	  a	  large	  (>14	  mm)	  REE-­‐enriched	  pod	  of	  fluorite	  and	  fluorbritholite,	  the	  sampled	  biotite	  grains	  exist	  exclusively	  in	  the	  felsic	  aplitic	  matrix	  in	  a	  linear	  structure	  and	  are	  not	  in	  contact	  with	  allanite	  or	  other	  
SK11Biotite#1* SK11Biotite#2* SK11Biotite#3* SK11Biotite#4 JR15Biotite#1** JR15Biotite#2**
FeO 21.47 21.31 21.01 20.89 15.58 16.09
MgO 8.32 7.74 8.71 8.25 12.39 12.12
MgO/FeO 0.39 0.36 0.41 0.39 0.80 0.75
JR15Biotite#3** JR15Biotite#4** JR15Biotite#5** JR15Biotite#6** JR15Biotite#7*** JR15Biotite#8***
FeO 15.86 16.54 15.33 15.00 16.66 16.74
MgO 12.18 11.44 11.33 11.46 11.52 11.09
MgO/FeO 0.77 0.69 0.74 0.76 0.69 0.66
SK15Biotite#3*@ SK15Biotite#4*@ JR13Biotite#1*** JR13Biotite#2*** JR13Biotite#3** JR13Biotite#4** JR13Biotite#5***
FeO 11.47 12.16 19.36 18.11 18.79 18.65 18.90
MgO 15.55 17.35 10.19 10.22 10.31 9.78 10.28
MgO/FeO 1.36 1.43 0.53 0.56 0.55 0.52 0.54
JR11*Biotite*#1* JR11Biotite*#2* JR11Biotite*#3* JR11Biotite#4* JR11Biotite#5* JR3Biotite#1*
MgO 3.38 2.78 2.95 2.87 3.02 8.82
FeO 27.25 26.15 26.48 27.02 27.91 18.16
MgO/FeO 0.12 0.11 0.11 0.11 0.11 0.49
JR3Biotite#2* JR3Biotite#3* JR17Biotite#1* JR17Biotite#2* JR17Biotite#3* JR17*Biotite#4*
MgO 6.74 8.29 5.27 5.19 5.12 5.66
FeO 20.05 20.13 24.79 24.19 24.66 24.56
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components	  of	  the	  REE-­‐enriched	  sequence	  of	  minerals	  described	  by	  Allaz	  et	  al.	  (in	  press).	  In	  SK-­‐11	  the	  MgO/FeO	  wt	  %	  ratio	  ranges	  between	  0.36	  and	  0.41	  with	  an	  average	  ratio	  of	  0.39	  across	  four	  sampled	  grains.	  In	  contrast,	  JR-­‐15,	  a	  sample	  with	  aplitic	  matrix	  and	  a	  REE-­‐enriched	  pod	  approximately	  5cm	  across,	  contains	  biotites	  in	  a	  range	  of	  in	  situ	  arrangements	  with	  allanite	  (see	  Table	  5-­‐1	  and	  Figures	  2-­‐53	  through	  2-­‐56).	  The	  biotite	  grains	  intergrow	  with	  allanite	  in	  the	  rim	  of	  the	  REE-­‐enriched	  structures)	  in	  JR-­‐15,	  possess	  MgO/FeO	  wt	  %	  ratios	  between	  0.66	  and	  0.80	  with	  an	  average	  ratio	  of	  0.75	  across	  six	  samples,	  while	  the	  average	  for	  biotite	  grains	  not	  in	  contact	  with	  allanite	  is	  0.68	  across	  two	  samples,	  a	  difference	  of	  10%	  MgO/FeO	  ratio.	  	  	   In	  SK-­‐15,	  a	  sample	  composed	  almost	  exclusively	  of	  REE-­‐enriched	  vein	  structure	  with	  pockets	  and	  veins	  of	  quartz	  of	  biotite	  running	  through	  the	  structure	  (see	  Figures	  2-­‐39	  through	  2-­‐43),	  the	  biotite	  grains	  display	  MgO/FeO	  ratios	  of	  1.4.	  	   The	  overall	  trend	  of	  increasing	  MgO/FeO	  content	  with	  increased	  association	  of	  biotite	  grains	  with	  allanite	  and	  REE-­‐enriched	  structures	  suggests	  that	  a	  link	  exists	  between	  the	  minerals	  associated	  with	  REE-­‐enrichment	  (allanite,	  etc.)	  and	  the	  MgO-­‐enriched	  biotites.	  The	  whole	  rock	  content	  of	  MgO/FeO	  wt	  %	  in	  the	  aplitic	  and	  REE-­‐enriched	  samples	  (SK-­‐11,	  JR-­‐13,	  JR-­‐15,	  and	  SK-­‐15)	  also	  possess	  significantly	  higher	  MgO/FeO	  wt	  %	  ratios	  than	  the	  granite	  and	  pegmatite	  samples.	  The	  granite	  and	  pegmatite	  samples	  are	  at	  least	  five	  times	  more	  enriched	  in	  FeO	  by	  wt	  %	  than	  MgO,	  as	  compared	  to	  the	  aplitic	  samples,	  which	  possess	  whole	  rock	  wt	  %	  MgO/FeO	  ratios	  between	  0.36	  and	  1.4.	  A	  lower	  range	  of	  MgO/FeO	  wt	  %	  ratio	  in	  whole	  rock	  occurs	  in	  SK-­‐11,	  which	  as	  mentioned	  above	  is	  an	  allanite	  and	  REE-­‐enriched	  structure	  bearing	  sample	  but	  one	  that	  also	  displays	  the	  lowest	  MgO/FeO	  ratio	  in	  biotite	  grains	  and	  in	  which	  all	  observed	  and	  measured	  biotite	  grains	  were	  in	  the	  aplitic	  matrix	  rather	  than	  in	  contact	  or	  association	  with	  allanite.	  The	  trend	  of	  microprobe	  analysis	  of	  MgO/FeO	  wt	  %	  ratios	  in	  biotite	  grains	  and	  in	  whole	  rock	  analysis	  of	  the	  same	  ratio	  suggests	  that	  as	  association	  with	  the	  REE-­‐enriched	  minerals	  and	  structures	  (allanite	  and	  pods	  or	  veins)	  increases,	  so	  too	  does	  the	  MgO/FeO	  ratio	  in	  the	  felsic	  aplite.	  	   Another	  geochemical	  differentiation	  between	  the	  aplite	  samples	  and	  the	  local	  granitic	  rocks	  is	  seen	  in	  the	  plot	  of	  chondrite	  normalized	  REE	  concentrations	  for	  all	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samples	  on	  which	  whole	  rock	  chemistry	  was	  determined	  (Figure	  3-­‐1).	  The	  samples	  composed	  of	  pure	  core	  and	  rim	  from	  the	  REE-­‐enriched	  pods	  from	  Allaz	  et	  al.	  show	  a	  similar	  La/Yb	  trend	  to	  the	  aplitic	  and	  REE-­‐enriched	  structure-­‐bearing	  samples	  from	  this	  study,	  except	  that	  the	  aplitic-­‐bearing	  samples	  are	  about	  two	  orders	  of	  magnitude	  less	  concentrated	  in	  REE’s	  than	  the	  pure	  core	  and	  rim	  samples.	  Neither	  possess	  the	  typical	  Eu-­‐depletion	  anomaly	  that	  is	  seen	  in	  the	  granites.	  This	  data	  suggests	  that	  the	  aplitic	  and	  REE-­‐enriched	  structure-­‐bearing	  samples	  are	  more	  related	  to	  the	  core	  and	  rim	  samples	  than	  to	  the	  granites.	  	  
	  
5.2	  -­	  Petrographic	  Differences	   	  	   Petrographic	  inspection	  of	  the	  Silver	  Plume	  granites	  and	  pegmatites	  reveals	  differences	  with	  the	  aplitic	  matrix	  in	  the	  REE-­‐enriched	  samples	  as	  well.	  As	  seen	  in	  Figures	  2-­‐1,	  2-­‐2,	  2-­‐3,	  and	  2-­‐4,	  the	  granites	  from	  the	  pluton	  hosting	  the	  REE	  locality	  vary	  between	  fine	  and	  coarse	  textures,	  with	  JR-­‐3	  being	  coarse	  and	  JR-­‐11	  being	  fine.	  There	  are	  aplitic	  and	  REE-­‐enriched	  samples	  that	  are	  roughly	  analogous	  to	  both	  in	  terms	  of	  typical	  grains	  size	  and	  texture,	  such	  as	  SK-­‐11	  to	  JR-­‐3,	  and	  JR-­‐12	  to	  JR-­‐11.	  However,	  comparative	  inspection	  in	  thin	  section	  reveals	  differences	  in	  both	  cases.	  	   One	  difference	  between	  the	  aplitic,	  REE-­‐enriched	  SK-­‐11	  and	  JR-­‐12	  and	  their	  granitic	  counterparts	  is	  that	  the	  granites	  are	  muscovite	  and	  biotite-­‐bearing,	  while	  the	  only	  REE-­‐enriched	  structure-­‐bearing	  sample	  observed	  to	  bear	  muscovite	  in	  this	  project	  is	  JR-­‐12.	  Another	  difference	  is	  that	  the	  granites	  each	  bear	  microcline	  and	  orthoclase,	  while	  the	  aplitic	  matrix	  around	  the	  REE-­‐enriched	  structures	  in	  SK-­‐11,	  JR-­‐12,	  and	  the	  other	  aplitic	  samples	  contains	  only	  microcline.	  Finally	  the	  arrangement	  of	  the	  mineral	  grains	  in	  the	  samples	  is	  different.	  JR-­‐3	  and	  JR-­‐11	  are	  typical	  of	  an	  expected	  igneous	  texture,	  with	  interlocking	  grains	  of	  minerals	  associated	  with	  granites	  dispersed	  throughout	  the	  slide.	  In	  the	  aplitic	  matrix	  of	  SK-­‐11,	  JR-­‐12,	  and	  the	  other	  REE-­‐enriched	  structure-­‐bearing	  samples,	  more	  variable	  and	  somewhat	  unusual	  textures	  occur	  as	  described	  below.	  	  	   An	  example	  of	  mineral	  segregation	  is	  in	  JR-­‐15.	  While	  the	  aplitic	  matrix	  in	  this	  sample	  bears	  quartz,	  plagioclase,	  potassium	  feldspar,	  and	  biotite	  (a	  typical	  suite	  of	  granitic	  minerals),	  optical	  and	  microprobe	  inspection	  showed	  that	  the	  matrix	  is	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heavily	  dominated	  by	  feldspars,	  with	  quartz	  appearing	  as	  small	  grains	  within	  feldspars	  and	  the	  REE-­‐enriched	  pod	  in	  the	  slide	  (see	  Figures	  2-­‐46,	  2-­‐47,	  2-­‐48,	  and	  2-­‐49).	  Biotite	  appears	  very	  rarely	  within	  the	  aplite	  matrix	  and	  in	  contact	  with	  the	  allanite	  rim	  of	  the	  REE-­‐enriched	  pod.	  Quartz	  also	  appears	  in	  pockets	  in	  the	  REE-­‐enriched	  pods.	  JR-­‐13	  (Figures	  2-­‐46,	  2-­‐47,	  2-­‐48,	  and	  2-­‐49)	  also	  possesses	  a	  feldspar-­‐heavy	  matrix	  with	  quartz	  appearing	  intermittently	  within	  feldspar	  grains.	  In	  this	  sample	  biotite	  is	  more	  abundant	  throughout	  the	  matrix,	  but	  is	  still	  more	  segregated	  than	  the	  textures	  of	  the	  granite	  samples	  in	  JR-­‐3	  and	  JR-­‐11.	  	  	   Another	  example	  of	  mineral	  segregation	  is	  in	  SK-­‐15.	  In	  this	  sample	  biotite	  appears	  in	  a	  vein-­‐like	  structure	  within	  the	  REE-­‐enriched	  mineralization	  sequence	  (Figures	  2-­‐42	  and	  2-­‐43),	  while	  quartz	  appears	  as	  homogenous	  grains	  in	  pockets	  within	  the	  pods	  (Figures	  2-­‐40	  and	  2-­‐41).	  This	  offers	  an	  appearance	  of	  the	  granitic	  minerals	  (feldspars,	  quartz,	  biotite)	  crystallizing	  separately	  from	  the	  pods.	  
	  
5.3	  -­	  Hand	  Sample	  Comparisons	  	   Two	  comparisons	  of	  hand	  samples	  are	  instructive	  in	  suggesting	  differences	  between	  the	  aplitic	  matrix	  and	  the	  Silver	  Plume-­‐type	  granites	  and	  pegmatites.	  The	  first	  is	  a	  comparison	  between	  JR-­‐8	  (pegmatite	  from	  the	  JREL)	  and	  JR-­‐12	  (aplite	  and	  REE-­‐rich	  pod-­‐bearing	  sample).	  JR-­‐12	  displays	  a	  sharp	  change	  in	  texture	  from	  aplite	  with	  REE-­‐rich	  pod	  inclusions	  (see	  Figures	  2-­‐34)	  to	  what	  appears	  to	  be	  pegmatite	  or	  very	  coarse	  granite	  similar	  to	  that	  seen	  in	  JR-­‐8	  (see	  Figures	  2-­‐9	  and	  2-­‐58).	  The	  abrupt	  shift	  from	  aplitic	  and	  REE-­‐rich	  bearing	  texture	  to	  pegmatite	  or	  coarse	  granite	  could	  represent	  a	  contact	  between	  the	  aplite	  bearing	  the	  REE-­‐rich	  structures	  and	  the	  Silver	  Plume-­‐type	  batholiths.	  	   The	  second	  comparison	  is	  between	  JR-­‐11	  (a	  fine-­‐grained	  granite)	  and	  SK-­‐11	  (an	  aplite	  and	  REE-­‐rich	  structure-­‐bearing	  sample).	  This	  comparison	  (see	  Figure	  2-­‐59)	  shows	  the	  different	  textures	  and	  mineralogies	  between	  the	  aplite	  and	  the	  host	  granites	  (the	  granites	  are	  equigranualar	  with	  regular	  distribution	  of	  mineral	  types	  while	  the	  aplite	  is	  pre-­‐dominantly	  homogenized	  and	  segregated	  by	  mineral	  types	  with	  abundant	  feldspar	  matrix).	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5.4	  -­	  Radiometric	  Ages	  	   Using	  the	  Nd/Sm	  isotope	  method,	  an	  age	  for	  the	  granites,	  pegmatites,	  and	  metamorphic	  country	  rocks	  was	  determined	  to	  be	  1421	  Ma	  (+/-­‐	  200)	  (se	  Figure	  4-­‐2).	  The	  same	  method	  yielded	  an	  age	  of	  1522	  Ma	  (+/-­‐	  200)	  (see	  Figure	  4-­‐3)	  for	  the	  REE-­‐enriched	  structure	  bearing	  samples	  with	  aplitic	  matrix,	  and	  the	  age	  for	  all	  samples	  was	  determined	  by	  Nd/Sm	  isochron	  to	  be	  1260	  Ma	  (+/-­‐	  120	  )	  (see	  Figure	  4-­‐1).	  The	  isochron	  for	  all	  samples	  is	  approximately	  linear	  as	  well.	  	   These	  observations	  and	  data	  suggest	  that:	  all	  of	  the	  samples	  examined	  in	  this	  study	  were	  uniformly	  enriched	  in	  143Nd	  between	  approximately	  1.4	  and	  1.5	  Ga.	  This	  does	  not	  necessarily	  indicate	  that	  the	  samples	  and	  their	  associated	  rocks	  are	  co-­‐genetic,	  but	  that	  they	  were	  uniformly	  enriched	  in	  the	  isotope	  at	  some	  point	  around	  that	  time	  interval.	  	   The	  observations	  that	  the	  age	  determined	  for	  the	  Silver	  Plume-­‐type	  rocks	  agrees	  with	  ages	  determined	  in	  the	  literature	  by	  various	  other	  methods	  (Graubard	  and	  Mattinson,	  1990,	  and	  Peterman	  and	  Hedge,	  1968)	  and	  that	  the	  age	  determined	  for	  the	  REE-­‐enriched	  and	  aplite-­‐bearing	  rocks	  agrees	  (when	  uncertainty	  is	  allowed)	  with	  the	  age	  determined	  for	  the	  REE-­‐enriched	  structures	  by	  Allaz	  et	  al.	  (in	  press)	  and	  that	  all	  of	  these	  methods	  yield	  ages	  of	  around	  1.42	  Ga	  (with	  the	  Silver	  Plume-­‐type	  granite	  intruding	  1.7-­‐1.8	  Ga	  metamorphic	  country	  rock)	  suggests	  that	  the	  current	  iteration	  of	  the	  granites,	  the	  aplitic	  matrix,	  and	  the	  REE-­‐enriched	  structures	  crystallized	  at	  the	  same	  time.	  
	  
5.5	  -­	  Proposed	  Model	  of	  Aplite	  Separation	  and	  Crystallization	  from	  Late-­stage	  
F	  and	  REE-­rich	  Magmatic	  Fluid	  	   Allaz	  et	  al.	  (in	  press)	  suggest	  a	  late-­‐stage,	  F	  and	  REE-­‐rich	  magmatic	  fluid	  as	  being	  the	  likely	  source	  of	  the	  REE-­‐enriched	  structures	  found	  at	  the	  JREL.	  The	  results	  of	  this	  study	  agree	  with	  that	  finding.	  I	  suggest	  a	  magmatic	  fluid	  is	  the	  mechanism	  of	  REE	  transport	  rather	  than	  an	  external	  hydrothermal	  fluid	  because	  the	  samples	  do	  not	  show	  signs	  of	  hydrothermal	  alteration	  (after	  Agangi	  et	  al.,	  2010).	  The	  aplitic	  matrix	  is	  interpreted	  to	  be	  the	  result	  of	  segregation	  and	  sequential	  crystallization	  of	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granitic	  minerals	  from	  the	  F	  and	  REE-­‐rich	  magmatic	  fluid	  according	  to	  the	  following	  model	  (see	  Figure	  5-­‐1):	  	   (1)	  Late-­‐stage	  magmatic	  F	  and	  REE-­‐rich	  fluid,	  derived	  by	  some	  unknown	  	   process	  from	  deeper	  in	  the	  plutonic	  system,	  bears	  REEs	  toward	  roof	  of	  	   pluton.	  This	  late-­‐stage	  F	  fluid	  also	  bears	  some	  characters	  of	  the	  melt	  that	  	   formed	  the	  pluton,	  such	  as	  preferential	  enrichment	  in	  LREEs	  to	  HREEs.	  	   (2)	  As	  the	  fluid	  reaches	  a	  specific	  low	  T	  and	  P	  condition	  the	  aplitic	  matrix	  	   begins	  to	  crystallize	  out,	  removing	  the	  apparently	  granitic	  components	  of	  the	  	   fluid.	  The	  aplite	  crystallizes	  progressively,	  resulting	  in	  the	  zones	  of	  abundant	  	   oligoclase	  and	  alkali	  feldspars,	  intermittent	  biotite	  and	  quartz	  along	  with	  	   accessory	  monazites	  and	  allanite.	  This	  aplite	  appears	  at	  a	  glance	  to	  be	  	   texturally	  similar	  to	  the	  fine-­‐grained	  Silver	  Plume	  granite	  that	  can	  be	  found	  	   around	  the	  REE	  locality	  but	  is	  petrographically	  (examples:	  aplite	  and	  REE	  	   structure-­‐bearing	  samples	  are	  more	  Ca-­‐rich	  and	  contains	  biotite	  with	  higher	  	   Mg/Fe	  ratios)	  and	  geochemically	  (examples:	  higher	  total	  REE	  abundance	  	   than	  granites	  and	  higher	  LREE/HREE	  ratio	  and	  no	  negative	  Eu	  anomaly)	  	   different.	  	   (3)	  The	  remaining	  fluid	  is	  now	  super-­‐enriched	  in	  REEs,	  either	  due	  to	  liquid	  	   immiscibility	  or	  by	  separation	  of	  the	  aplitic	  components	  by	  crystallization,	  	   while	  maintaining	  a	  similar	  LREE/HREE	  (La/Yb)	  ratio	  to	  the	  aplites.	  The	  	   aplitic	  matrix’s	  fine-­‐grained	  texture	  suggests	  relatively	  quick	  	   cooling/crystallization,	  which	  can	  create	  micromiarolitic	  cavities	  (Agangi	  et	  	   al.,	  2010).	  	  	   (4)	  The	  remaining	  fluid	  forms	  the	  REE-­‐structures	  zonally	  as	  described	  by	  	   Allaz	  et	  al.	  in	  the	  miarolitic	  cavities	  created	  by	  the	  formation	  of	  the	  aplitic	  	   matrix.	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(1) Late-stage magmatic F and REE-rich fluid, derived by some unknown process from deeper 
in the plutonic system, bears REEs toward roof of  pluton. This late-stage F fluid also bears 
some characters of the melt that formed the pluton, such as preferential enrichment in LREEs 
to HREEs.
+ + + + + + + + + + + + + + + + + + + + +            + + + + + + + + + +
+ + + + + + + + + + + + + + + + + + + +             + + + + + + + + + ++ 
+ + + + + + + + + + + + + + + + + + + +            + + + + + + + + + + +
+ + + + + + + + + + + + + + + + + + +              + + + + + + + + + + +
+ + + + + + + + + + + + + + + + + +               + + + + + + + + + + + +
+ + + + + + + + + + + + + + + + +                + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + +                 + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + +                  + + + + + + + + + + + + + +
+ + + + + + + + + + + + + +                   + + + + + + + + + + + + + + +
+ + + + + + + + + + + + +                     + + + + + + + + + + + + + + +
+ + + + + + + + + + + +                       + + + + + + + + + + + + + + + +
+ + + + + + + + + + + +                      + + + + + + + + + + + + + + + +
+ + + + + + + + + + + +                     + + + + + + + + + + + + + + + +
+ + + + + + + + + + + +                    + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + +                   + + + + + + + + + + + + + + + + +
+ + + + + + + + + + + +                  + + + + + + + + + + + + + + + + +
+ + + + + + + + + + + +                 + + + + + + + + + + + + + + + + +
+ + + + + + + + + + + +                + + + + + + + + + + + + + + + + + 




(2) As the fluid reaches a specific low T and P condition the aplitic matrix begins to crystallize 
out, removing the apparently granitic components of the fluid. The aplite crystallizes progres-
sively, resulting in the zones of abundant oligoclase and alkali feldspars, intermittent biotite 
and quartz along with accessory monazites and allanite.
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  Figure	  5-­‐1:	  A	  model	  of	  the	  proposed	  separation	  of	  the	  aplitic	  matrix	  from	  the	  REE-­‐rich,	  zonal	  structures	  at	  the	  Jamestown	  locality.	   !
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(3) The remaining fluid is now super-enriched in REEs, either due to liquid immiscibility or by 
separation of the aplitic components by crystallization, and forms the REE-rich structures 
zonally as described by Allaz et al. in the miarolitic cavities created by the formation of the 
aplitic matrix. 
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Chapter	  6:	  Conclusion	  	   I	  conclude	  the	  following:	  the	  Silver	  Plume-­‐type	  granite	  and	  the	  aplitic	  matrix	  found	  in	  the	  REE-­‐rich	  structure-­‐bearing	  samples	  at	  the	  Jamestown	  locality	  are	  geochemically	  and	  petrographically	  distinct	  from	  one	  another	  and	  that	  the	  granite	  and	  the	  aplite	  are	  likely	  co-­‐genetic	  from	  the	  same	  Proterozoic	  magmatic	  processes	  but	  that	  the	  aplite	  is	  the	  product	  of	  a	  F	  and	  REE-­‐rich	  late-­‐magmatic	  fluid	  intruded	  into	  the	  pluton.	  	   The	  geochemical	  differences	  between	  the	  granites	  and	  pegmatites	  and	  the	  REE-­‐rich	  rocks	  are:	  higher	  concentration	  of	  REEs	  in	  the	  aplite	  and	  REE-­‐rich	  structure-­‐bearing	  rocks	  than	  the	  granites;	  a	  higher	  LREE/HREE	  ratio	  in	  the	  aplite	  and	  REE-­‐rich	  structure-­‐bearing	  samples	  than	  that	  found	  in	  the	  granite,	  including	  an	  absence	  of	  negative	  Eu	  abundance	  in	  the	  aplitic	  and	  REE	  pod	  samples;	  and	  Ca	  enrichment	  and	  higher	  Mg/Fe	  ratios	  in	  the	  aplitic	  and	  REE-­‐rich	  structure-­‐bearing	  samples	  as	  compared	  to	  the	  granites	  and	  pegmatites.	  	   Isotopic	  dating	  using	  the	  Nd/Sm	  method	  affirms	  (within	  error	  bounds)	  earlier	  dating	  by	  Peterman	  and	  Hedge	  (1968),	  Graubard	  and	  Mattison	  (1990),	  and	  Allaz	  et	  al.	  (in	  press)	  for	  the	  host	  granites,	  pegmatites,	  and	  metamorphic	  rocks	  and	  the	  REE-­‐rich	  samples.	  The	  ages	  gathered	  thus	  indicate	  a	  close,	  Proterozoic	  age	  for	  the	  REE-­‐rich	  samples	  (1442	  Ma	  (+/-­‐	  8)	  on	  uraninite	  and	  1420	  Ma	  (+/-­‐	  25)	  on	  monazite	  by	  U-­‐Th-­‐PbTOTAL	  by	  Allaz	  et	  al.	  (in	  press)	  and	  1522	  Ma	  (+/-­‐	  200)	  by	  this	  study)	  and	  the	  Silver	  Plume-­‐type	  granites	  and	  pegmatites	  (1422	  +/-­‐	  3	  Ma	  by	  Graubard	  and	  Mattinson	  (1990)	  and	  1421	  Ma	  (+/-­‐	  200).	  The	  similarity	  of	  these	  ages	  and	  the	  linear	  trend	  of	  an	  isochron	  with	  all	  sample	  types	  plotted	  on	  it	  suggests	  a	  Proterozoic	  age	  of	  all	  sample	  types	  at	  the	  locality.	  This	  age	  represents	  a	  Proterozoic	  crystallization	  age	  for	  both	  types	  of	  sample.	  	   Finally,	  the	  aplite	  matrix	  is	  interpreted	  to	  be	  a	  product	  of	  a	  late-­‐stage	  F	  and	  REE-­‐rich	  magmatic	  fluid	  as	  suggested	  by	  Allaz	  et	  al.	  (in	  press)	  due	  to	  the	  geochemical	  similarities	  between	  the	  aplitic	  matrix-­‐bearing	  samples	  and	  the	  REE-­‐rich	  structure-­‐only	  samples	  and	  the	  petrographic	  differences	  between	  the	  aplite	  matrix	  and	  the	  Silver	  Plume	  granites	  and	  pegmatites.	  The	  fluid	  began	  to	  crystallize	  the	  aplite	  as	  it	  reached	  a	  certain	  low	  temperature	  and	  pressure	  condition,	  which	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removed	  the	  granitic	  aspects	  of	  the	  fluid	  and	  further	  enriched	  the	  remaining	  fluid	  in	  F	  and	  REEs	  and	  lead	  to	  the	  zonal	  formation	  of	  veins	  and	  pods	  of	  F	  and	  REE-­‐rich	  minerals	  (Allaz	  et	  al.,	  in	  press)	  in	  miarolitic	  cavities	  formed	  by	  the	  rapid	  crystallization	  of	  the	  aplite.	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